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Abstract:  11 
 12 
An analytical method for the detection of carbonaceous gases by a non-dispersive infrared 13 
sensor (NDIR) has been developed. The calibration plots of six carbonaceous gases including CO2, 14 
CH4, CO, C2H2, C2H4 and C2H6 were obtained and the reproducibility determined to verify the 15 
feasibility of this gas monitoring method. The results prove that squared correlation coefficients 16 
for the six gas measurements are greater than 0.999.  The reproducibility is excellent, thus 17 
indicating that this analytical method is useful to determinate the concentrations of carbonaceous 18 
gases. 19 
 20 
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 2 
 
Introduction  25 
 26 
Petroleum-based fuels are well-established products that have served industry and 27 
consumers for more than one hundred years. In the foreseeable future, various fuels will still 28 
be largely based on hydrocarbon fuels. However, time is running out and petroleum, once 29 
considered inexhaustible, is now being depleted at a measurable rate. As the amount of 30 
available petroleum decreases, the need for alternative technologies is imperative.  31 
 32 
The development and application of biogas as an energy source have received increasing 33 
attention. In these studies, the determination of the concentration of carbonaceous gases is 34 
one of the main experimental objectives. The use of biomass as a source of carbon and its 35 
catalytic conversion to combustible gases necessitates the easy and reliable detection of these 36 
gases. Carbonaceous gases include carbon monoxide, carbon dioxide, methane, acetylene, 37 
ethylene, and others. Many methods have been used to determine the gas concentrations. 38 
Carbon monoxide and carbon dioxide were analyzed using a TCD detector in a gas 39 
chromatography.  The FID detector can be used to detect methane, acetylene and ethylene. 40 
However, no suitable method has been found to detect all these carbonaceous gases, 41 
simultaneously.  42 
 43 
Total carbon in gases is calculated by the total carbon in all carbonaceous gases. 44 
Different methodologies have been employed for this calculation [1-6]. These methods 45 
require ample time which may not be available. Further systematic errors may be 46 
incorporated into the data making the results unreliable. Therefore, methodology for the 47 
detection of all carbonaceous gases simultaneously with reliability is very necessary [7].  48 
 49 
Total carbon from solution or solids can be easily measured using the Jena Multi 50 
TOC/TN 2100 gas chromatograph with a NDIR detector. The detector is a simple 51 
spectroscopic device often used as gas detector. Biomass carbon is catalytically converted to 52 
carbon monoxide and other hydrocarbon gases through chemical reaction. No report was found 53 
about the detection of carbonaceous gases by TOC. The objective of this research is to 54 
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develop new methodology using a gas chromatograph with a NDIR detector for detecting 55 
carbonaceous gases. 56 
 57 
Experimental 58 
 59 
The schematic diagram [8] of multi TOC/N 2100 is shown in Fig.1. Total carbon in can 60 
be easily oxidized into carbon monoxide under high temperature (800 - 1000oC) at a 160±3 61 
mL/min flow rate of abundant oxygen. Some Equations [Eq(1)-(6)] are listed in the following 62 
paragraph to exhibit the high temperature chemical reactions.  63 
 64 
2CO + O2 → 2CO2                                                          (1) 65 
CH4 + 2O2→ CO2 + 2H2O                                                     (2) 66 
2C2H2 + 5O2→ 4CO2 + 2H2O                                                  (3) 67 
C2H4 + 3O2→ 2CO2 + 2H2O                                                   (4) 68 
2C2H6 + 7O2→ 4CO2 + 6H2O                                                  (5) 69 
4CxHy + (2x+y)O2 → 2xCO2 + 2yH2O                                           (6) 70 
 71 
Gases under high pressure including carbon monoxide, carbon dioxide, methane, acetylene, 72 
ethylene, and ethane were purchased. The purity of these gases is 99.5%, 99.5%, 99.9%, 73 
99.5%, 99%, 99.9%, respectively. To obtain calibration plot of each carbonaceous gas, different 74 
volumes of gas （10, 20, 30, 40, 50, 60μl）are injected into the combustion furnace in succession. 75 
Certainly, carbon dioxide is injected directly into TIC condensate vessel (Fig.1) because it can be 76 
detected by NDIR directly.  77 
 78 
The temperature is maintained at 800oC and oxygen with a purity of 99.999% is supplied into 79 
the combustion furnace. After water trap and halogen trap, the combustion products are detected 80 
by NDIR. To obtain the reproducibility of detection, ethylene with 20 ul is injected into 81 
combustion furnace in succession. 82 
 83 
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 84 
Fig. 1 Schematic diagram of carbonaceous gases determinated by mutil N/C 2100  85 
 86 
Results and discussion 87 
 88 
Calibration plot of six gases detected with multi TOC/N 2100 89 
 90 
Table 1 presents the calibration plot of six gases detected by NDIR and corresponding 91 
parameters (related coefficient, detection limit, identification limit, quantification limit). In the 92 
experiment, carbon dioxide was injected into TIC condensate vessel and other gases were injected 93 
directly into the combustion furnace. Based on the peak area, a calibration plot for each gas is 94 
obtained (Table 1). The results show that the squared correlation coefficients for CO2, CH4, CO, 95 
C2H2, C2H4, C2H6 are 0.99930, 0.99942, 0.99921, 0.99993, 0.99993, 0.99971, respectively. 96 
It is evident the squared correlation coefficients for C2H2 and C2H4 is higher than for other 97 
gases. These results prove the calibration plots for the six gases are excellent that thus, they 98 
can be used to determine carbonaceous gas concentrations. Additionally, the peak area 99 
depends upon carbon quality. Take carbon quality is 10.71 ug for an example. The peak area 100 
of CO2, CH4, CO, C2H2, C2H4, C2H6 is 10900, 7752, 13600, 8451, 9028, 9014, respectively. 101 
The order of combustion level is CO>C2H4>C2H6>C2H2>CH4; i.e. CH4, C2H2, C2H4 and 102 
C2H6 are combusted incompletely and CO is combusted completely. The reason that the peak 103 
area of CO is larger than CO2 is unknown. Therefore, this methodology may not be suitable 104 
for testing total carbon. But it is most useful for determining carbonaceous gas 105 
concentrations.  106 
combustion 
furnace 
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 107 
However, as we know, different chromatography columns can separate different 108 
substances. So a chromatography column can be connected before the combustion furnace. 109 
Carbonaceous gases can be fed into the combustion furnace after carbonaceous gases are 110 
injected into chromatography column. Then, all carbonaceous gases can be converted into 111 
carbon dioxide sequentially, and then determined by a NDIR detector.  112 
  113 
114 
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Table 1 Calibration plot of six gases detected by NDIR 115 
 116 
Carbonaceous 
gases 
Volume 
(μl) 
Carbon 
Quality 
(μg) 
Peak 
area 
(AU) 
Volume 
concentration 
(mg/L) 
Relative 
error (%) 
Calibration plot, 
R2, a, b, c* 
CO2 
20 10.71 10900 531.71 -0.74 Y=-937.59+ 1114.25X 
30 16.07 17130 540.72 0.94 R2=0.99973 
40 21.42 23050 538.27 0.48 a= 4.04 
50 26.78 28560 529.52 -1.15 b=8.07 
60 32.14 35030 537.96 0.42 c=15.12 
CH4 
20 10.71 7752 537.34 0.31 Y=-616.72+ 780.02X 
30 16.07 11690 526.1 -1.79 R2=0.99942 
40 21.42 16280 541.69 1.12 a=5.92 
50 26.78 20520 542 1.18 b=11.85 
60 32.14 24230 530.71 -0.93 c=21.34 
CO 
10 5.36 6717 551.23 2.9 Y=-548.85+1322.44X 
20 10.71 13600 535.4 -0.06 R2=0.99921 
30 16.07 20720 535.99 0.05 a=3.12 
40 21.43 27090 522.3 -2.5 b=6.63 
50 26.79 35400 543.26 1.41 c=15.86 
C2H2 
10 10.71 8451 1071.2 0.02 Y=-148.83+803.16X 
20 21.42 16930 1063 -0.74 R2=0.99993 
30 32.14 25750 1074.7 0.35 a=3.35 
40 42.84 34470 1077.5 0.61 b=6.71 
50 53.55 42690 1066.7 -0.4 c=13.14 
C2H4 
10 10.71 9028 1078.4 0.7 Y=5.79+836.73X 
20 21.42 17910 1069.8 -0.11 R2=0.99993 
30 32.14 26680 1062.6 -0.79 a=3.35 
40 42.84 36100 1078.4 0.69 b=6.71 
50 53.55 44740 1069.1 -0.18 c=13.14 
C2H6 
10 10.71 9014 1063.7 -0.68 Y=-102.6+857.82X 
20 21.42 18340 1075.3 0.4 R2=0.99971 
30 32.14 27790 1083.7 1.19 a=7.08 
40 42.84 36080 1054.3 -1.56 b=14.16 
50 53.55 46080 1076.5 0.51 c=26.66 
*Y—peak area; X—carbon quality; R2—related coefficient; a—detection limit; b—identification 117 
limit; c—quantification limit 118 
 119 
Reproducibility 120 
 121 
The reproducibility of testing carbonaceous gases by NDIR is evaluated by accuracy and 122 
exactness. The formulas used for calculation are given in the appendix.  123 
In the experiments, ethylene and oxygen were mixed. The volume ratio between ethylene and 124 
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oxygen was maintained at 1:10 by controlling the gas velocities. 200 μl of mixed gases were 125 
injected into the combustion furnace each time. After testing, the volume concentration of 126 
ethylene in mixtures was obtained, and is shown in Table 2. Based on the above formula, the 127 
accuracy and exactness of the method for testing carbonaceous is illustrated in Table 2. It is can be 128 
obviously seen that the Ea fluctuates between -2.5 and 1.5 and the Er varies only from -2.33% to 129 
1.4%. The results showed the accuracy of the testing method is high. In addition, AD, RAD, SD 130 
and RSD are 0.95, 0.89%, 1.24 and 1.16%, respectively, which is so minor. The high accuracy and 131 
exactness showed the reproducibility of the testing method for carbonaceous gas is so good. 132 
Besides, calibration plot of six gases indicates the related coefficient (R2) is over 0.999. Therefore, 133 
the method is suitable for testing carbonaceous gases with TOC/N 2100 with a NDIR detector.  134 
 135 
Table 2. Accuracy and exactness of testing C2H4 with NDIR for ten times.  136 
Volume concentration  
(mg/L) 
Accuracy Exactness 
Ea Er(%) AD RAD (%) SD RSD (%) 
108.6 1.5 1.40 
0.95 0.89 1.24 1.16 
107.0 -0.1 -0.09 
107.5 0.4 0.37 
107.8 0.7 0.65 
105.3 -1.8 -1.68 
107.5 0.4 0.37 
104.6 -2.5 -2.33 
106.0 -1.1 -1.03 
107.7 0.6 0.56 
106.9 -0.2 -0.19 
  137 
Conclusions  138 
 139 
The methodology of using multi TOC/N 2100 with a NDIR detector for the rapid 140 
determination of CO2, CH4, CO, C2H2, C2H4, and C2H6 has been developed.  These 141 
biogases were synthesised from biomass at 800oC. To find a suitable chromatography column 142 
and connect it with combustion furnace to detect carbonaceous gases will be further 143 
investigated. 144 
145 
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Appendix 1 180 
 181 
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Ea—absolute error 188 
Er—relative error 189 
AD—average deviation 190 
RAD—relative average deviation 191 
SD—standard deviation 192 
RSD—relative standard deviation 193 
T—calculated value 194 
n—testing times 195 
x —average value 196 
197 
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Fig. 1 Schematic diagram of carbonaceous gases determinated by mutil N/C 2100  200 
 201 
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